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Abstract

Sixteen grain serghum genotypes (Sorghum bicolor {L.)
Moench) of diverse origin were evaluated during 2008 and 2009
growing seasons under two rates of nitrogen fertilizer (60 and 100
kg N/fad) at two locations, i.e. Shandaweel and Sids Agric. Res.
Stations (eight environments). The results showed highly significant
differences among genctypes and environments for all the studied
traits. Moreover, the genctype x environment interaction was also
highly significant for all the studied traits., The. results showed
different response of genotypes from year to year and from

. location to another for.all studied. traits. Means of plant height,

1000 grain weight, and grain yield per plant of the 16 genotypes
decreased clearly with decreasmg nitrogen fertilizer from 100 Kg
/fad to 60 Kg /fad at Shandawee! and Sids in the two seasons:

The joint regression analysis of variance for the studied traits
showed that the variances due to genotypes, énvironments and
genotypes x environments interaction were highly significant for all
studied traits, indicating that genotype varied considerably -across
different environments. Env. + (Genotypes x environments)
Jinteraction was partitioned to environment (linear), genotype x
enwronment interaction (linear) (sum of squares due to regression,
bi) and pooled deviation mean squares, S2d. The G x E

interactions were a linear function, which were significant for all the

studied traits, except for days to 50% flowering. The stability
parameters (bi and S2d) for grain yield per plant, showed that the
-genotypes varied in their bi ‘values as well as S2d: It could be
noticed that the regression coefficient (bi) for genotypes (RTX-

436), (ICSV-273) and (ICSR-89037) were insignificant from unity
and the deviation from regression (S2d) were insignificant from-

zero, indicating that these genotypes could be considered stable for
-grain vield per plant. Two genotypes had grain yield higher than
the grand mean (ICSV-273 and ICSR-89037).

Key words: Sorghum, Stability, nitrogen fertilizer, Regression
coefficient

INTRODUCTION

'Breeding for the harsh énvironmental conditions has become some of the
essential objectives to avoid the expected irrigation water shortage, nitrogen fertilizer
povetty and climate changes. Therefore,' the estimates of fhe genotypes stability
became necessary and important policy of t'he' Field Crops Research Institute (FCRI).

.Stability of yield, defined as the abllity of genotype to avoid substantial
fluctuations in vield across a range of environments, Mechanisms of yield stability fall
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into four general categories; genetic hetercgeneity, yield component compensation,
stress tolerance, and capacity to recover rapidly from stress Heinirich et a/. (1983).

Desai, ef a/. (1983) reported a significant G x E interactions in sorghum
hybrids, and high vyielding -ability of hybrids, which was primarily due to better
~management. Saeed, ef 3. (1984) revealed that genotypes showed larger interaction
with locations within a year than with years irrespective of maturity. They suggested
that testing genotypes at more locations should be done rather than testing
genotypes in more years. Moreover, they stated that increasing number of replications
per test more than two, environments more than eight in a year, and years of testing
more than two, was not effective in increasing efficiency in genotypes evaluation,
especially for early and medium maturing genotypes, Eweis (1998) carried out a
stability study across 14 different production environments at Middle and Upper Egypt
and stated that genotype X environment interactions were always highly significant
that suggested estimating vield stability in selection programs. All (2000) found that
mean squares due to crosses X environments (linear) mteractlon were highly
significant for panicle weight and grain yield. In this regard, Hourad et al (2000)
reported that panicle weight, grain yield per panicle, 1000 graln Werght green yield,
total biomass and grain yield significantly increased by mcreasmg nitrogen fertilizer
rates from 80 to 100 kg/fad. Mostafa (2001) reported that genotypes and genotypes
x year’s interactions for all studied traits were significant, while.'those due to years
and genotypes x years interaction for 1000- kernel weight, were not significant. Lee,
et al. (2003) suggested that grain yield stability could be imprové@:’i through recurrent
selection via selecting merely for mean performance across multii;;fe environments. Ali
(2006) found that, the joint regression analysis of variance shc;;ved significant and
highly significant variances due to genctypes, environments and the genotype x
environment interaction for most the studied traits. The stability parameters indicated
that six genotypes were more stable for number of days to flowering, five genotypes
for plant height, two for grain yield/plant, and 7 genotypes for 1000 grain weight.
Mahmoud et a/ (2007) reported that, highly signiﬁcaht genotypes x environment
interactions were found for all the studied traits. A large portion of this interaction was
accounted for the linear regression on the environmental means. But the nonlinear
component was noticeably small portion. Stability parameters across all environments
indicated that, all genotypes exhibited significant linear response to environmental
conditions. Mahdy et &/(2011) revealed that, the interaction effects of genotypes with
locations and plantmg dates were highly significant for all studted traits, whereas
genotype x year mteractlon effect was highly significant for days to blooming, plant
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height and grain vield. Genotype x year x planting date interaction effect was highly
significant for plant height, 1000-grain weight and grain yield. However, genotype x
year X location x planting date interaction effect was highly significant only for plant
height and grain yield. Four genctypes (three crosses; (A-73 x R-272), (A-604 x R-
92010) and (A-613 x R-210) and one parent {(R-273)) were the best stable genotypes.
These genotypes gave higher yields compared to the average overall genotypes
(hybrids and parents, respectively). These genotypes were considered as promising
cultivars and may be suitable for growing in a wide range of environments.

The main objective of the present investigation was to study the performance
and stability parameters of yield and its components in grain sorghum genotypes
tested under eight environments (the combinations of 2 years x 2 locations x 2 levels
of nitrogen fertilizers).

MATERIALS AND METHODS

Sixteen grain sorghum genotypes {Sorghum bicolor (L.) Moench) of diverse
origin (Table 1) and one check variety (Dorado) were evaluated under eight
environments. These environments were resulted from combinations of two rates of
nitrogen fertilizer (60 and 100 kg N/fad), at two locations, /e. Shandaweel and Sids
Agric, Res. Stations and two growing -seasons 2008 and 2009. The experimental
layout was a randomized complete blocks design with three replications for each
experiment in this investigation. Each genotype was sown in one row 4.0 m iong and
60 cm apart. Planting were done in hills spaced 15 cm apart within row and seedling
were thinned to two plants per hill. Planting dates were June 22™ and 23" and June
21 and 22" at Shandaweel and Sids in 2008 and 2009 growing seasons,
respectively. The recommended cultural practices of sorghum production were
implemented except the amount of supplemented nitrogen. Data were recorded on
days to 50% flowering, Plant height (cm), 1000 grain weight (g), and grain yield/plant
(g). The grain moisture was adjusted to 14% moisture.
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Table 1. Origin of the sixteen grain sorghum genotypes.

Ne, genhotype . Qrigin No. genotype Origin .
t RTX - 430 USA 9 ICSR - 89037 INDIA
2 RTX - 433 USA 10 R - 542 Zimbabwe
3 RTX - 436 USA 11 R - 625 Zimbabwe
9 RTX - 2817 USA 12 . R -924 Zimbabwe
5 RTX - 2862 USA 13 Z5V - 14 Zimbabwe
6 ICSR - 273 India 14 MR - 812 Zambia
7 ICSR - 138 India 15 GD - 47809 USA
8 ICSR - 89025 india 16 | GD-47815 USA

Stress susceptibility index (SSI); |
Stress susceptibility index (SSI) was calculated according to Fischer - and
Maurer (1978) SSI = (1 = Ys/Y) / (1 - Yus/Yin}
Where Ys is the yield undef nitrogen svtrest. (60 Kg. .nitrbgen.)
Yy s the yield under nitrogen non stressed (100 Kg. nitrogen)
| ‘Y"‘“'Sf is the ).rieid means fof all genotypes under 60 Kg nitrogen.
Yun is the yield means for all genotypes under 100 Kg nitrogen.

SSI values >1.0 indicate relatively stress susceptible and <1.0 indicate relatively

stress tolerance.

Data for two vears, two locations and two fertilizef rates were considered as
eight environments designated EV-1 to EV-8). Test of homogeneity (Bartlett 1937) of
the érror mean squares across all environments was perfc:rmed‘.= Hence, the combined
analysis was 'performed, in_this study according to Gomez and Gomez (1984). Least
significant differences (LSD) were used.for combari_ng means. Stability analysis for
studied traits across all environments was performed according to Eberhart and
Rﬂssell (1966). Three criteria would be realized to consider a genotype as stable one,

these criteria as follows:

1-Regression coefficient significantly different from zero (b # 0) and not significantly
different from unity (b = 1).

2- Non- significant sums of squares of the deviation of regression, i.e., S2d = 0.

3- High performance with a reasonable range of environmental variation.
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RESULTS AND DISCUSSION

1 -Analysis of variance

Data for separate trials were statistically analyzed as usual, test of
homogeneity of the error mean squares across all environments was done. Error
mean squares were not significant for all studied traits, indicating that errors were
homogeneity, so the combined analysis was followed up in this investigat_ion.

Table 2. Mean squares of combined analysis of variance for the studied traits.

Mean squares
Source of variation df Days to 50% Grain yield per
Plant height 1000 grain weigh{

ﬁowering plant
Environments {Env) 7 618.32** 9303.11** 234, 77%* 5467.67**
Rep (Env) 16 1.99 44.98 0.55 6.37
Genotypes (G) 16 824.18** 21019.21** 47.70%* 2894.2%*
Env x G 112 10.47** 70.74** 2.82%* 57.73**
error 256 1.50 42.26 0.40 5.95

* *¥ gignificant at 0.05 and 0.01 levels of probability, respectively

The combined analysis of variance (Table 2) revealed highly significant
differences among genotypes and environments for all the studied traits. Moreover,
the genotype x environment interaction variance was also highly significant for all the
studied traits, indicating that genotypes differently responded for environmental
factors. In other words, the rank of a genotype differed among environments. The
proportional participation of environment, genotypes and genotype by environment
(G.E) interaction varied among traits. The participation of environments were 22.76,
15.73, 68.3 and 41.33% for days to 50% flowering, plant height, 1000 kernel weight
and grain yield, respectively, revealing the important effects of environmental factors
on grain yield and its components. The genotypes effects displayed the following
ratios 69.4, 81.24, 27.0 and 49.97% for days to 50% flowering, plant height, 1000
kernel weight and grain yield, respectively, revealing the important role of genetic
constitution on plant height and flowering date, Regarding the G.E, the participation
ratios were 6.17, 2.0, 11.16 and 6.97 for days to 50% flowering, plant height, 1000
kernel weight and grain yield, respectively. It was apparent the trivial sharing of G.E
interaction in most studied traits and especially on plant height. These results are in
harmony with those found by Eweis {1998), Ali (2000}, Ali et 2/(2006) and Mahmoud
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et a/ (2007) who found significant variances for genotypes, environments and the
genotype X environment interaction for most the studied traits.

2 — Mean performance of genotypes
a- Days to 50 % flowering

Mean’number of days to 50% flowering of the 16 grain sorghum genotypes
for each environment and across 8 environments Is presented in Table 3, The results
showed different performance among environments. The mean of days to 50%
flowering across all environments ranged from 64.3 for GD- 47815 to 80.3 days for
RTX - 2817. The average of days to 50% flowering across all genotypes was 72.6
days.

Table 3. Means of days to 50% flowering, plant height, and 1000 grain weight for 16
grain sorghum genotypes across eight environments and over all

genotypes.
2008 2009
Shandaweel — Sids Shandaweel Sids Average
Genotypes 100 kg [60 kg N. | 100 kg 60 k\? N. TDTTBl;g JSOEk\? N. 7100 kg ISG l§? N. g
EV, | NEV; | EV. | N.EVg o I N.BV; | EVi
: Days to 50% flowering
RTX—430 71.3 76.0 73.0 78.7 69.0 74.0 72.0 77.0 739
RTX-—-433 6/. 737 68.3 72.0 69.0 75.0 66.0 76.0 70.5
RTX—-436 70.3 743 | 720 80.0 68.3 73.0 71.0 76.0 731
RTX - 2817 76.7 82.7 78.7 86.0 76.3 80.3 79.0 83.0 80.3
RTX — 2862 73.0 81.3 75.0 82.3 76.0 83.3 73.7 B85.0 78.7
ICSR — 273 78.7 83.7 79.0 82.7 73.7 78.0 78.3 33.0 79.6
TCSR - 138 763 82.3 76.0 B30 730 79.0 750 B33 /8.1
ICSR - 89025 71.0 75.3 710 | 80.7 70.0 [ 7340 69.0 76.0 734
ICSR — 89037 69.7 747 | 737 | 787 73.0 79.0 75.3 82.0 758
R-542 66.3 71.7- 69.0 74.0 £5.0 73.0 727 77.0 716
— 625 64.3 68.7 66.0 72.0 64.0 £9.0 61.0 54.0 66.1
R-924 61.7 70.0 64.3 73.0 60.7 65.0 [ 64.0 68.0 65.8
7oV —14 53.0 68.0 62.3 71.3 60.0 64.0 63.0 68.0 64.5
MR - 817 77.0 823 | /8.7 84.3 75.0 [ 793 77.0 83.0 79.6
- GD -47805 3.0 ©8.7 ©5.0 720 1 610 B5.0 | 650 68.7 66.0-
- 47815 651.3 69.0 620 | 730 58.0 3.0 0.7 67.0 64.3
Average 69.2 751 70.9 77.7 68.5 73.4 70.2 /5.9 72.6
“Check variety 70.0 75.0 70.5 75.3 71.0 74.1 69.5 735 724
LSL at 0.05 241 21 2.0 2.2 1.7 1.7 2.1 24 -2
Plant height{cm)
RTX-430 T 130.0 ] 917 | 1217 51,7 123.3 | 103.3 1| 116.7 95.0 109.7
RTX - 433 106.7 88.3 110.0_ ¢ 917 111.7 1798.7 105.0 91.7 1007
RTX-436 118.3 98.3 111.7 | 100.0 21.7 | 101.7 16.7 1 101.7 108.8
RTX - 2817 103.3 90.0 101.7 88.3 10.0 | 104.0 15.0 98.3 100.8
RTX - 2862 115.0 933 1150 91.7 11.7 ] "65.0 108.3 95.0 103.1
ICSR - 273 2150 T 1767 | 2006.0 | 1650 | 2133 1 1833 | 2017 1 1850 [ 1525
CSR - 138 203.3 1 166.7 | 191.7 | 1633 | 196./ | 170.0 | 186.7 60.0 175.8
TSR - 89025 1883 [ 1617 | 170.0 [ 150.0 | 181.7 [ 161.7 | 171.7 50.0 166.9
R - 89037 188.3 | 1483 [ 1683 [ 1383 | 180.0 [ 158.3 | 173.3 48.3 162.9
R - 542 Ty 166.7 ) 13837 1633 | 128,3 |- 170.0 41.7 165.0 | 131. 150.6
R - 625 1683 | 141.7 | 155.0 [ 1283 | 175.0 40.0 60.0 [ 130.0 149.8
R -924 ‘ 166.7 | 1417 [ IG83 [ 1233 [ 166.7 | 145.0 | 1650 | 136.7 150.4
75V - 14 161.7 ] 140.0 [ 158.3 [ 1283 | 158.3 | 138.3 [ 160.0 [ 1383 1479
MR - 812 1733 1 1433 68.3 [ 130.0 63.3 45.0 61.7 | 140.0 153.1
- 47809 141.7 1 106.7° 26.7 98.3 26.7 1 111.7 121.7 1 111.7 118.1
- 47815 126.7 00.0 | 1183 93.3 5.0 5.0 [21.7 T7101.7 1115
Average 154.6 26,7 | 1461 { 1154 152.2 11310 T 1469 T 1259 1379
Check variety 1410 | 1210 | 1383 [ 1180 1 139.0 | 1173 | 140.1 121.7 129.6
D at 0.05 11.0 9.6 10.1 8.5 120 ["11.3 10.7 10.1 10.5
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Table 3. continued

! 2008 2009
Shandaweel Sids Shandaweel Sids

‘ Average

Genotype 100 kg {60 kg N.| 100 kg (60 kg N.| 100 kg [60 kg N.} 100 kg | 60 kg N. :
N. EV; EV; N, EV3 EVa N. EVs EV) N. EV; EVs
1000 grain weight (g) _

RTX - 430 26.9 22.0 25.3 20;5 25.1 216 24.1 20.0 23.2
RTX - 433 25.0 21.3 24.5 20.5 24.3 20.6 25.1 19.8 22.7
RTX - 436 24.5 20.6 24.4 20.9 24.3 19.9 25.3 22.3 22.8
RTX - 2817 244 21.3 26.3 23.5 24.9 21.5 25.6 22.0 23.7
RTX - 2862 26.7 23.0 26,4 225 26.4 23.1 26.2 22.5 24.6
ICSR - 273 25.5 23.1 26.5 233 26.8 24.6 26.6 23.5 25.0
ICSR - 138 26.5 24.3 27.2 249 27.9 25.4 25.8 24.3 25.8

ICSR - 89025 26.6 220 24.3 20.6 25.6 22.6 264 21.5 23.7

ICSR - 89037 26.5 234 26.1 21.7 274 24.0 264 22.0 24.7

R-542 27.5 24.4 26.3 23.8 27.0 22.6 25.9 23.5 25.1
R - 625 27.7 253 26.1 22.0 27.3 215 26.1 20.3 245
R-924 28.1 24.2 264 |- 225 27.5 23.0 27.2 22.0 25.1
Z5V - 14 30.0 259 27.2 24.1 25.4 243 27.1 23.3 264
MR - 812 274 243 25.3 21.0 27.0 21.1 25.6 20,4 24.0
GD - 47809 27.3 24.1 26.1 23.0 26.9 223 26.7 22.2 24.8
GD - 47815 29.3 23.7 26.6 23.0 286 22.8 244 24.4 25.3
Average 26.9 233 25.9 224 | 267 226 2558 221 24.5

Check variety 333 [ 260 31.5 254 | 32.1 26.1 29.4 239 28.5

LSD at 0.05 1.3 | 13 1.5 1.2 | 09 1.0 1.2 1.0 1.2

Moreover, the results clearly showed that decrease nitrogeh fertilizer from 100 Kg.
ffad to 60 Kg {fad led to increased number of days to 50% flowering of génotypes at
Shandaweel and Sids in the two seasons. ’

b- Plant height

Regarding plant height (Table 3), the results showed different performance of
genotypes from year to year and from location to anther. Means plant height across
all genotypes ranged from 119.4 ¢m at Sids under 60 kg nitrogen level in 2008 season
to 154.6 cm at Shandaweel under 100 kg nitrogen fertilizer in 2008 season, This
indicates that decrease of nitrogen fertilizer from 100 Kg /fad to 60 Kg /fad led to the

decreased plant height of genotypes at Shandaweel and Sids in the two seasons.
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Furthermore, the results showed that the average of plant height across all
environments ranged from 100.2 cm for RTX-433 to 192.2 cm for ICSV-273.

c- 1000 grain weight

Regarding the 1000 grain weight, means of the 16 grain sorghum genotypes
at each environment and across all environments were presented in Table 3. The
results showed different response of genotypes from year to year and from location to
ancther, The mean of 1000 grain weight across all genotypes ranged from 22.1 g at
Sids under 60 kg nitrogen fertilizer in 2009 season to 26.9 g at Shandaweel under 100
kg nitrogen fertilizer in 2008 season, The average of 1000 grain weight across all
environments ranged from 22.7 g for RTX-433 to 26.4 g for ZSV~14. Furthermore, the
results clearly showed that decreasing nitrogen fertilizer from 100 Kg /fad to 60 Kg
ffad led to the decreased 1000 grain weight of genotypes at Shandaweel and Sids in
the two seasons. The check variety Dorado was significantly heavier grain yield
compared with all genotypes over all environments.

d- Grain yield per plant:-

Means of grain vield per plant for sixteen genotypes across 8 environments and
across all environments as well as nitrogen stress susceptible index are presented in
Table (4).

The resuits showed different performances of grain yield per plant of 16
genotypes from year to year and from location to another. The mean grain vield per
plant across all genotypes varied from 43.4 g at Sids under 60 kg nitrogen fertilizer in
2009 season to 66.4 g at Shandaweel under 100 kg nitrogen fertilizer in 2008 season,
indicate that mean grain yield per plant of the 16 genotypes decreased clearly with
decreasing nitrogen fertilizer from 100 Kg /fad to 60 Kg /fad at Shandaweel and Sids in
the two seasons, Moreover, the results cleared that average of grain yield per plant for
genotypes across all envirenments ranged from 39.9 g for RTX-433 to 77.4 g for ICSV~
273. Six out of the sixteen genotypes significantly surpassed the general mean of grain
yield per plant over all environments. 7 out of 16 genotypes showed highly significant

superior grain yield compared with check variety Dorado across all environments.
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Table 4. Means of grain yield for 16 grain sorghum genotypes across eight
environments and stress susceptibility index (SSI).

Grain yield

2008 : 2009

Genotypes - Shandaweel Sids Shandaweel Sids

_ Average | 'SSI
100 kg |60 kg NJ 100 kg {60 kg N.| 100 kg |60 kg N 100 kg |60 kg N.

NEV, | BV | NEVl Eve IN.Evs | Eve I NEV | EVg

RTX - 430 50.8 | 360 § 485 | 328 | 476 | 367 | 463 | 313 | 413 .| 1.0
RTX - 433 455 | 333 | 50.2 | 333 | 440 | 324 | 482 | 320 | 399 | 1.04
RTX - 436 622 | 425 | 573 | 396 | 577 | 441 | 559 | 395 | 499 | 1.00
RTX - 2817 577 | 415 | 53.2 | 41.1 | 533 | 434 | 507 | 405 | 476 | 0.78
RTX - 2862 563 | 417 | 468 | 318 | 62.6 | 446 | 566 | 371 | 472 1.04
ICSR - 273 856 | 698 | 833 | 663 | 89.6 | 723 | 853 | 672 | 77.4 0.67
ICSR - 138 83.1 | 68.7 725 | 614 | 811 | 695 | 753 | 620 | 718 | oss

ICSR - 89025 728 | 469 | 69.6 418 | 693 | 433 | 712 | 431 37.3 131

ICSR - 89037 | 80.3 62.8 | 77.3 56.9 83.1 576 | 778 563 69.0 0.97

R - 542 ‘ 70.5 62.6 72.2 4_6.3 73.3 49.3 67.5 4q.0 60.2 1.04
R- 625 1 601 43.2 70.5 43.0 64.6 43.7 69.3 33.7 53.5 1.31
R - 924 65.7 47.2 | 68.8 332 | 68.6 . 48.8 68.1 31.0 53.9 1.41
SV - 14 ‘ 78.6 60.8 8i.1 57.6. 83.1 | 57.5 | 795 55.6 63.2 | 0.57
MR - 812 76.5 58.3 59.0 42.7 | 737 57.3 72.0 52.8 61.5 0.86

GD - 47809 55.0 | 425 539 40.3 50.0 36.9 54.5 371 46.3 0.91

GD - 47815 6L.5 34.5 57.3 37.3 53.0 316 56.9 385 46.3 1.31

Average 66.4 49.5 63.8 44.1 659 | 48.0 | 64.6 434 | 55.7 -
Check variety [ 63.6 | 44.2 63.0 42.3 | 589 40.3 59,3 44.2 | 519 1.04
LSD . 38 3.0 3.2 2.9 4.9 3.9 3.2 3.3 36 -

3- Stress Susceptible Index:

Nitrogen susceptibility Index (‘ll"able‘4) for grain yield was estimated as the
ratio of the dewatlon of performance at 60 kg /fad nltrogen fertilizer from the
performance at 100 kg nltrogen fertilizer to that of the over ali mean dewatlon in this
particular popukatlon The data showed that “the pest tolerant genotypes for low
mtrogen fertillzer were RTX-2817, 1CSV- 273, ICSR 138, ICSR-89037, ZSV 14, MR- 812
and GD 47809

Results indicated different response of genotypes from year to year and from
location to another for all the studied traits. Mean plant height, 1000 grain weight,
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and grain vield per plant of the 16 genotypes decreased clearly with decreasing
nitrogen fertilizer from 100 Kg /fad to 60 Kg /fad at Shandaweel and Sids in the two
seasons. It could be noticed that the best yielding ability lines were not always the
most stable lines. In this context, the sorghum breeders keen to identify the best high
yielding lines under nitrogen stress fertitizer and the best stable lines to combine each
other to get hopeful stable and high yielding genotypés. It is of interest to indicate
that the tolerant lines selected ICSV-273, ICSR-138, ICSR-89037, Z5V-14 and MR-
812 showed the highest vielding ability across all environments. These results were in
agreement with those obtained by Eweis (1998), Ali (2000), and Mahmoud et af
(2007)

4- Estimated stability parameters

The joint regression analysis of variance for the studied traits is presented in
Table (5). The variances among genotypes, environments and genotypes X
enviranments interaction were highly significant for all the studied traits, indicating
that genotype varied considerably across different environments. Furthermore, Env. +
(Genotypes x environments) interaction was partitioned into environment (linear),
genotype x environment interaction (linear) and sum of squares due to regression, b,
and pooled deviation mean squares, (S%). Moreover, the G x E interactions were a
linear function, which were significant or highly significant for all studied traits, except
for days to 50% flowering. For that reason, the regression coefficient (b} and
deviation from regression (Sy) pooled across the eight environments were calculated
for each genotype. Significant genotype x environment mean squares for plant
height, 1000 grain weight, and grain yield per plant indicate that genotypes
genetically differed in their response to different environments when tested against
pooled deviation. Furthermore, the highly significant pooled deviation for days to 50%
flowering, 1000 grain weight, and grain yield per plant indicate that non linear
component of genotype x environment interaction was operating. These findings
were in agreement with those obtained by Eweis {(1998), Ali (2000}, Mourad et a/
(2000) Mostafa (2001), Ali (2006), Mahmoud et a/ (2007) and Mahdy et a/(2011) At
the same time, it was evident from Table 2 that the interaction of genotype X
environment for all studied traits was highly significant. Such significant interactions
encourage sorghum breeders to develop high yielding and more uniform genotypes
under varied environmentai conditions. High yield potential and average stability are
due to most attributes involved in determining the wide adaptation of a new variety or
Hybr'!d (Eberhart and Russell, 1966). '
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Estimates of various stability parameters of the sixteen grain sorghum
genotypes with respect to days to 50% flowering, plant height, 1000 grain weight,
and grain yield per plant are presented in Tables (6 and 7). The stability parameters -
in these tables are: 1. the mean for different characters, 2. the regression coefficient
{b;) of the performance on environmental indices, and 3. deviation from regression
(%) According to the definition of Eberhart and Russell (1966), a stable preferred
variety would have approximately: 1. b, = 1, 2. $% = 0 and 3. a high mean
performance. However, Johnson et af (1955), Paroda et af (1971) and Lin (1986)
considered the squared deviation from regression as a measure of stability, while the
regression was regarded as a measure of response of a particular variety to
environmental indices.

Table 5. Stability analysis of variance for grain yield and other studied traits of 16
grain sorghum genotypes evaluated under eight different environmental

conditions.
mean squares
Source of variation df days to 50% .| grain yield.
plant height  |1000 grain weight
flowering [plant
Genotypes 15 824.18" | 21019.21% 47.70" 28942
Env, Env. G 112 44.10™ 622.98™ 15.049™ 375.76™
Env (linear) 1 3917.29" 61943.68™ 1424.79" 35880.6™
G. Env (linear) 15 7.99 236.15™ 4.211" 162.00**
Pooled Deviation 96 . 9.397 44.67 2.0577 39.32"_
led error 240 1.53 _ 42.26 0.40 5.95

*, ** significant and highly significant at 0.05 and 0.01 levels of probability,
respectively

For days to 50% flowering Table {6), stability parameters indicated that the
genotypes varied in their b, values as well as S%d. It could be noticed that the
regression coefficient (bi) for genotypes No. 1, 3,4,13 and 14 were insignificant from
unity and the deviation from regression (S°d) were insignificant from zero, indicating
that these genotypes could be considered stable for days to 50% flowering. The other
genotypes were unstable (S’d was significant from zero).
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Table 6. Stability parameters of days to 50 % flowering and plant height of 16 grain
sorghum genotypes evaluated under eight different environmental conditions

Genotype Days to 50% ﬂowering Plant height
mean | b+ SE S%d mean | bSE | S4d

1 739 1092+0.07; 0.4 109.17 1112 £ 0.09 | -10.33

2 709 loss+029] 187" 10021  [0.63£0.10.] -2.88
3 730 [1.03£0.12] 1.8 108.75 _ 10.66 + 0.08 | -15.84 |
4 80.3  {0.97 + 0.07 -0.5 100.83 _ 10.54 + 0.16 | 56.40" .
5 78.7 11.21+0.29 185" 103.13 _]0.73 £ 0.09 | -13.94
6 796 1083+021! 9.3 192.50 |1.28 £0.11 | 7.79
7 78.1  [1.01 £ 0.13 2.5 17979  [1.20 £ 0.11 | . 6.23
8 734 [1.08£0.15| 377 166.88 10.97 £ 0.13 | 23.32 |
9 75.8  [0.88+0.30| 208" 162.92  1.26 + 0.09 | -10.22 |
10 71.6 0,76 £ 0.26 | 14.57 150.63  {1.25 + 0.09 | -11.69
11 66.1 [0.73+0.30 | 20.57 149.79 . 124 £0.14 ) 32.21
12 65.8  [1.18 £0.14 3.3" 150.42 116 £0.11 | 0.69
13 64.5  11.22 +0.12 1.8 147.92  (0.93 % 0.09 | -13.54
14 796 0.95+£0.07 ]  -0.3 j 153.13 [1.11+0.11 ! 1.47
15 66.0 {099%012{ 2.2 118.13  0.96 + 0.13 | 27.38
16 643 11.39+0.18! 6.6 111.46  [0.95 + 0.03 | -38.51
17 72.35 |0.65%0.12 | .1.65 129.53  0.78 £ 0.09 | -5.67

mean 72.6 - - 137.85 - -

LSD0.05 | 2.1 - - 10.5 - -

Regarding plant height, the stability parameters indicated that the genotypes

varied in their bi values as well as $°%. It could be noticed that the regression

coefficient (b;) for genotypes No. 1,7,8,11,12,13,14,15 and 16 were insignificant from

unity and the deviation from regression(S’d) were insignificant from zero, indicating

that these genotypes could be considered as stable.for plant height. The other

genotypes were unstable (b, was significant from unity).

For 1000 grain weight (Table 7), the stability parameters indicated that the

genotypes varied in their bi values as well as'S’d. It could be noticed that the

regression coefficient (b;) for genotypes No. 2,5,10 and 15 were insignificant from

unity and the deviation from regression (S%d) were insignificant from zero, indicating

that these genotypes are considered stable for plant height. The other genotypes

were unstable (b; was significant from unity and / or S%d was significant from zero).
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The stability parameters (b; and $%d) for grain yield per plant are presented in
Table (7), results revealed that the genotypes varied in their bi values as well as S°d. It
could be noticed that the regression coefficient (b;) for genotypes No. 3 (RTX-436), 6
(ICSV-273) and 9 (ICSR-89037) didnt significantly differ from unity and the deviation
from regression (S°d} didn't significantly differ from zero, indicating that these genotypes
could be considered as stable for grain yield per plant. Two genotypes had grain yield
higher than the grahd mean {ICSV-273 and ICSR-83037). These resuits are in line with
those reparted by Ei-Morshedy ef a/ (2000), Mostafa (2001}, Mahmoud et &/ (2007) and
Mahdy et a/(2011).

Table 7. Stability parameters of 1000 grain weight and grain vield per plant of 16
grain sorghum genotypes evaluated under eight different environmental

conditions
1000 grain weight Grain vield per plant
Genotype

mean bi £ S.E 54 mean bt S.E s
1 23.2 1,18 £ 0.11 0.74 413 0.75 £ 0.05 0.4
2 22.7 1,08 + 0.08 0.20 39.9 0.71 £0.11 1977
3 228 0.90 & 0.20 3.057 49.9- 0.89 % 0.06 39
4 237 0.75 = 0.22 4.06" 47.6 0.64 + 0.07 7.2°
5 24.6 0.95 + 0.04 -0.22 47.2 0.93 + 0.18 66.7"
6 25.0 0.67 & 0.14 143" 774 0.90 + 0.07 5.6
7 258 0.54 + 0.13 1.147 71.8 0.70 £0.12 295"
8 237 1.07 + 0.15 1.69" 69.2 1.17 £0.08 11.0"
9 24.7 1.02 % 0.12 0.92° 69.0 1.12  0.07 4.7
10 25.1 083008 | * 0.18 60.2 | 1.19 £0.18 74.0”
11 24.5 1,29 % 0.20 3.03" 53.5 1.30 + 0.19 75.0™
12 25.1 1.20 £ 0.05 -0.20 53.9 1.51 + 0.15 48.9"
13 26.4 1.14  0.13 1.18” 57.3 1.39 +0.08 9.8”
14 24.0 1.31 + 0.15 1.52" 61.5 0.99 + 0.22 106.0”
i5 24.8 1,03 £ 0.06 -0,08 46,3 0.73 £ 0.10 1587
16 25.3 1.05 £ 0.25 5.32" 46.3 1.08 £ 0.18 67.9"
17 28.5 1.62 £ 0.14 2.90~ 519 0.95 + 0.11 217

mean 24.5 - - 55.8 - -
LSDgcs 1.2 - - 36 - -

b; = Regression coefficient.
S%d = deviation from regression.

*, ** significant at 0.05 and 0.01 probability levels, respectively.
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